Background: To determine which is more potent in peripheral nerve block between ropivacaine and levobupivacaine.
Introduction
Peripheral nerve block, as regional anesthesia, is frequently used for extremity surgeries to optimize severe intraoperative and postoperative pain relief. [1] It can provide sympathetic block, dose-sparing effects of opioids, better perioperative analgesia and offer many advantages over general anesthesia, such as avoidance of respiratory tract administration, reduction of recovery time, and economic cost, and improved patient satisfaction. [2, 3] Since the introduction of long-acting local anesthetics (LAs) with better safety clinical profiles, the peripheral nerve block has increased in decade years. Despite its long-acting analgesic properties, concerns about racemic bupivacaine have been raised over its potential cardiotoxicity and central nervous system (CNS) toxicity after inadvertent intravenous administration which may be fatal sometimes. [4, 5] To reduce risk of specific toxic characteristics, nonracemic LAs such as ropivacaine or levobupivacaine emerged at the right moment, both of which are the pure left-isomers of bupivacaine and quite similar in physicochemical properties. Both these 2 long-acting LA amides are associated with lower cardiac and CNS toxicity than racemic bupivacaine, having been developed to offer a safer alternative to bupivacaine. Although levobupivacaine is theoretically more potent than ropivacaine, clinical studies show conflicting results in terms of anesthetic and analgesic characteristics. Many studies have showed that equipotent doses of ropivacaine and levobupivacaine have similar efficacy in peripheral nerve plexus block and epidural anesthesia in ambulatory patients, as well as when administered by topical application or local infiltration. [6, 7] So, further critical evidence is needed to complete clinical application guidance.
Methods

Inclusion and exclusion criteria
PRISMA guidelines were followed for the inclusion of studies [8] in the meta-analysis. The detailed description of inclusion criteria are as follows [1] : trials had to be properly randomized [2] ; no additional agents or interventions confounded the comparison (ie, 2 groups had to differ only by addition of either ropivacaine or levobupivacaine) [3] ; patients were given a bolus dose of LAs [4] ; and with respect to trials with several intervention groups, the eligibility of each individual group was evaluated and only those qualified were included. However, studies failed to provide enough essential information about the outcomes assessments were excluded. Trials had to focus on peripheral nerve blocks, which aimed to spinal anesthesia involving epidural and subarachnoid anesthesia were also excluded. When patients were blocked only by a continuous infusion, studies were excluded. In addition, when each individual group examining one anesthetic plus another one, or more, (eg, ropivacaine combined with levobupivacaine) the studies were not permitted definitely. Early studies published as a series of articles from the same institution or author that contained significant overlapping data were excluded for fear of multiple publication bias.
Literature search
Both published and unpublished literatures were searched in case of publication bias. The following electronic databases were extensively searched from their inception through August 2016 independently by 2 investigators: EMBASE, Medline, the Cochrane Library, and the Web of Science with keywords centered on the terms "ropivacaine," "levoupivacaine," and "peripheral nerve," which were adjusted to each database in necessity. Besides, bibliographies of the included studies and dissertations were searched for additional publications. The search language was restricted to English.
Data collection
After removing duplicates, titles and abstracts were scanned by 2 independent investigators according to predefined selection criteria and potentially relevant RCTs were selected. Hard copies of all relevant articles were retrieved and read in full for further identification. The relevant data were extracted by adapting a predetermined standardized procedure, which involved first authors, year of publication, country, participants demographic characteristics, and treatment regime for each group. Disagreements regarding studies to be included and data abstraction were resolved by consensus or discussion with a 3rd author.
Quality assessment
Methodological quality assessment of eligible studies were conducted by using the Cochrane risk-of-bias algorithm. The following 7 characteristics were assessed: random sequence generation, allocation concealment, blinding of participants, personnel and outcome assessment, incomplete outcome measures, selective outcome reporting, and other bias. Each item was classified to "low (L), unclear (U), and high (H)" as having a low, unclear, and high risk of bias, respectively. Two independent practitioners met and reviewed every entry for accuracy and consistency, and discrepancies were resolved by consensus.
Statistical analysis
The Cochrane Collaboration Review Manager Software Package (RevMan Version 5.2) was used to perform meta-analyses. The overall effect size of each anesthetic was calculated as weighted average of the inverse variance for study-specific estimates. For dichotomous variables, odds ratios (ORs) with the corresponding 95% confidence interval (CI) were calculated, and correspondingly weighted mean difference (WMD) was used to estimate numerical variables. Heterogeneity was evaluated with the x 2 distribution test and Higgins I 2 index, and considerable heterogeneity was determined when the Cochrane Q test resulted in P < 0.10 and I 2 above 75%. In such cases, a random effect model was selected for analysis. Conversely, a fixed effect model was used. If essential, subgroup analysis was conducted to identify and explain the heterogeneity, stratified by either anesthetics dose or anesthetics concentration or the kinds of peripheral nerves blocked. When the median, the minimum, the maximum or the 25th and 75th centiles were only available, some methods were used to estimate the sample mean and standard deviation. [9] 2.6. Outcomes
Eight aspects were assessed to compare the potency of ropivacaine with levobupivacaine in peripheral nerve block for pain management in patients: onset time of surgical anesthesia, onset time of sensory block, onset time of motor block percent patients that need postoperative rescue analgesia, patients overall degree of satisfaction with block, duration of nerve block, duration of sensory block, and duration of motor block.
Ethical statement
As all analyses were grounded on previously published studies, ethical approval was not necessary. Figure 1 presents a flowchart describing the process by which we screened and selected trials. The initial literature search yielded 595 articles in all. According to inclusion and exclusion criteria, duplicates checking and title and abstract screening resulted in 25 publications. Consequently, 12 articles were analyzed in the meta-analysis. All patients included among studies received a bolus dose of LAs, and the patients also received a continuous infusion after surgery in 1 study. [10] Besides, patients in 1 study received a bilateral selective ankle block: 1 foot was blocked with levobupivacaine and the other with ropivacaine. [11] There were no differences between groups concerning demographic and clinical data in each study. The mean age of the participants ranged between 27 and 71 years. The sample size among trials was with little range from 28 to 86. The detailed characteristics of the eligible trials are shown in the Table 1 .
Results
Characteristics of the trials
The methodological quality of the included trials is summarized in Table 2 . The whole 12 studies were typical randomized control trials, with 7 studies [7, 10, 11, [13] [14] [15] 18] reporting acceptable 96:14 Medicine methods of randomization. All studies, apart from 2 trials conducted by Piangatelli, reported the blinding of both participants and personnel. Additionally, for unexpected dropouts in process, only 1 study used the intention-to-treat approach in data handling. [18] Whether enrollment of participants was actually consecutive or not was unclear in most of studies, so the attrition and selection bias were unavoidable.
Onset time of surgical anesthesia
Surgical anesthesia was defined as adequate loss of pinprick sensation in nerves distribution and concomitant inability to move the extremities. Five studies [7, 10, 13, 15, 19] compared onset time of surgical anesthesia in this meta-analysis. However, no significant differences were observed among studies (WMD 0.65; 95% CI: À1.25-2.56; heterogeneity: x 2 = 12.02, P = 0.02, I 2 = 67%) (Fig. 2 ). Onset time of sensory block was reported in 6 trials. No significant difference in the beginning time of adequate sensory block between ropivacaine and levobupivacaine among studies included was observed (WMD À3.57; 95% CI: À8.11-0.98) (Supplemental Fig.  1 , http://links.lww.com/MD/B639). The pinprick test was applied to evaluate onset time of sensory block in 5 studies. [7, 11, 12, 14, 17, 18] Five studies recorded the onset time of motor block as an endpoint, 4 of which was assessed by the Bromage scale. [12, 14, 17, 20] Similarly, no more superiority of levobupivacaine than ropivacaine in term of motor block happened among these studies (WMD 2.01; 95% CI: À1.68-5.70) (Supplemental Fig. 2 , http://links.lww.com/MD/ B639). However, severe heterogeneity among the studies existed, with the I 2 value be 97% or 94% in sensory or motor block separately. So, random effect models were applied in both 2 measure parameters.
Duration of block
Overall 6 studies [11, [13] [14] [15] 18, 21] reported the duration of block. The meta-analysis revealed that levobupivacaine provided longer-term anesthesia than ropivacaine, with a pooled WMD of À2.94 (95% CI À5.56 to À0.32) (Fig. 3) . With respect to large statistical heterogeneity that I 2 value was 93%, subgroup analyses were performed to assess the interstudy dose concentration deviation. In the subgroup of concentrations of 0.75%, the results did not differ significantly between 2 drugs. Although concentrations was 0.5%, the duration of block favored the levobupivacaine, similar to the overall pooled effect size. Besides, 3 studies [7, 17, 20] reported the duration of both sensory and motor block among 6 studies included. There was a trend toward greater duration of sensory block in the levobupivacaine group (WMD, À1.16; 95% CI À1.89 to À0.43; P = 0.002; heterogeneity: x 2 = 2.32, P = 0.31, I 2 = 14%) (Supplemental Fig. 3 , http://links.lww.com/MD/B639), while average duration of motor block occurred without any clinically significant differences (WMD, 0.09; 95% CI À0.51-0.69; P = 0.76; heterogeneity: x 2 = 0.08, P = 0.96, I 2 = 0%) (Supplemental Fig. 4 , http://links.lww.com/MD/B639).
Postoperative rescue analgesia
Four studies [7, 11, 13, 15] compared percentage or number of patients who needed postoperative rescue analgesia. The OR-based models com revealed that incidence of postoperative rescue analgesia was significantly higher in ropivacaine group than that in levobupivacaine group (OR, 2.11; 95% CI 1.18-3.74; P = 0.01; heterogeneity: x 2 = 3.82, P = 0.28, I 2 = 21%) (Fig. 4) . Except for routine pain medication irrespective of pain status, drugs used for postoperative supplementary analgesia among studies were as following: tramadol 100 mg, subcutaneous morphine 0.1 mg/kg, intravenous metamizol (2 g), and ketorolac 30 mg. Rescue analgesic was used when visual analogue scale was above 30 mm in 3 studies, [7, 13, 15] while 40 mm in 1 study.
[11]
Patients overall satisfaction
The quality or acceptance of the anesthetic technique with either levobupivacaine or ropivacaine was assessed by inclusive patients with certain subjectivity in 5 studies. [7, 13, 18, 19, 21] It was noteworthy that there were not some distinct differences in patients overall degree of satisfaction between 2 groups (OR, 1.02; 95% CI 0.47-2.18; P = 0.97; heterogeneity: x 2 = 4.55, P = 0.21, I 2 = 34%) (Fig. 5) , and most patients indicated a willingness to accept the same anesthesia procedure for the future operations. Demographics were presented as median (range). † Demographics were presented as mean ± standard deviation.
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Risk of bias assessment
Random sequence generation Allocation concealment
Blinding of participants and personnel
Blinding of outcome assessment
Incomplete outcome data addressed
Selective reporting
Other bias 
Discussion
In all, the presented study provides valuable information about the clinical profile of ropivacaine versus levobupivacaine for peripheral nerve blocks in the first time. No statistically significant difference was observed between the 2 drugs with respect to onset time of surgical anesthesia, onset time of sensory block, onset time of motor block, duration of motor block, and patients overall satisfaction. Otherwise, significantly longer duration of block and the sole sensory block in levobupivacaine group existed than those in ropivacaine group. Percent patients who needed postoperative rescue analgesia was significantly lower in levobupivacaine group, compared with that in ropivacaine group. Identical volumes and concentrations of levobupivacaine and ropivacaine were used to induce the block in the studies included, except one. [18] For pharmacological properties, ropivacaine is about 10 times less lipophilic than levobupivacaine and is therefore resistant to rapidly penetrating the myelinated nerve fibers and easily induces local vasoconstriction in tissues surrounding the injection site. [16, 22] Consequently, it might have hindered diffusion of ropivacaine solution within the soft tissues and fat, leaving a high level of concentration solution near the nerves to block. Illustrated by some literatures, adipose tissue can influence regional anesthesia, especially the perineural and epineural fat, [23] leading to a delayed onset time of motor and sensory block and a diminished degree of anesthesia intensity. [23] Multiple studies have reported that ropivacaine possessed a lower potency (of up to 40%), compared with bupivacaine. [24] When comparing the 2 drugs, reported by Fournier et al, [15] the differences must be considered in molarity due to apparent differences in molecular weight and presentation as a hydrochloride salt or a base. It was documented that 225 mg ropivacaine was considered equipotent to 150 mg levobupivacaine. [25] In patient-controlled continuous interscalene analgesia, Borghi et al [26] reported that 0.25% levobupivacaine provided similar quality of anesthesia as the one produced by equipotent (0.4%) concentration of ropivacaine, but better anesthesia than that with equivalent (0.25%) concentration in a similar clinical setting. It was showed that the onset and duration of nerve block induced by equimolar doses of 2 LAs were similar on isolated nerves. [27] So that under this consideration, ropivacaine might be equipotent to levobupivacaine, but more additional factors should be taken into account because of complexity and instability in clinical practice.
Regarding the duration of block, the basic researches indicated that both levobupivacaine and racemic bupivacaine were nearly 50% more effective than ropivacaine in suppressing tetrodoxinresistant sodium ion channels, which confirmed by some animal experiments. [28] MLAC are estimates of the minimum concentration that provides sufficient anesthesia in 50% of patients. [29] The MLAC was 0.083% (levobupivacaine) and 0.081% (bupivacaine) separately, with approximately 50% higher for ropivacaine, which was in accord with the results of this metaanalysis to some extent. The reason for apparent higher potency of levobupivacaine could be that ropivacaine concentrations were presented as the hydrochloride salt, rather than base like levobupivacaine, which underestimated the concentration by 13%. [30] It was reported that the duration of block was bound up with protein-bound level, and more highly protein-bound drugs could lead a longer duration of effect. [31] Percent protein binding differed slightly but not significantly (94% in ropivacaine vs 95% in levobupivacaine). [32] Besides, the difference in clinical factors such as block technique and magnitude of operations is correlated to duration of analgesia, as Cline et al inferred. [14] Messina et al [15] reported that the poor effect of levobupivacaine could be explained by the choice of a low concentration for this kind of surgery, which was sufficient for analgesia but not for anesthesia. Additionally, Mageswaran and Choy [12] reported that the supraclavicular approach could offer denser anesthesia in brachial plexus block, compared with the infraclavicular block.
It was reported that ropivacaine had a more selective impact on nociceptive (Ad and C fibers) than on motor fibers, which might give rise to a faster onset of sensory block for ropivacaine. [33] Nevertheless, the meta-analysis revealed that onset time of block, no matter sensation or motor, was significantly equivalent between 2 anesthetics. Though extensive distribution in tissues, the rate of absorption varied largely, which depended on the regional vascularity density and the method of administration. It cannot be suggested that equivalent doses of LAs will produce equivalent effects, which were presented by different or even opposite results in studies included in this meta-analysis.
Overall 8 studies mentioned complications during perianesthesia. Otherwise, only 2 studies reported that relevant complications really existed. [7, 10] The primary adverse events noted were nausea and vomiting other than 1 episode of intraoperative bradycardia. Slightly but not significantly more complications occurred in ropivacaine group than levobupivacaine group. It is well known that nausea, hypotension, and anemia are the most common adverse reactions (all at a frequency of ≧10%). However, these adverse events are not necessarily caused by LAs, as surgical procedures or some underlying conditions may answer for these reactions. When the CNS and cardiovascular effects were compared between 2 drugs at equal conditions, no differences in mean percentage changes were reported for relevant parameters such as stroke index, cardiac index, PR interval, and convulsive threshold dose. [34, 35] However, it turned out that significantly less adrenaline (epinephrine) was required to treat ropivacaine-induced cardiac arrest than for levobupivacaine-treated rats. [36] In all, both LAs were well tolerated in clinical practice generally.
The small overall patient population and the inconsistencies in some parametric data are important limitations of the metaanalysis. Owing to few data available and confounding factors among studies, the percent of successful blocks, supplementary anesthesia consumption, and postoperative pain intensity were not assessed. Besides, owing to small, single-center trials per treatment group, a center effect was inevitable, which could be excluded by comparing the cases enrolled in the 2 or more participating institutions. Additionally, absolute surgical anesthesia should involve absence of both sensation and motor function of extremities. However, Fournier et al [15] reported that the block was considered successful when just the sensory block was achieved. Measurement standards used and trial methods were not always directly comparable across trials. With respect to duration of block, although subgroup analysis stratified by anesthetics concentration was conducted, substantial heterogeneity could not be prevented, which might reduced reliability of results. Furthermore, the anesthetics were administrated by a bolus dose in studies included in the presented meta-analysis, but continuous infusion model was usually applied in many trials. [26, 37] 
Conclusions
Administration with levobupivacaine for peripheral nerve block led to significantly longer duration of block, duration of sensory block, and less patients that need postoperative rescue analgesia when compared with those of ropivacaine. However, properly powered studies with a much larger sample size are advocated in order to get a more concrete conclusion.
